The BOREAS TE-1 team collected various data to characterize the soil-plant systems in the BOREAS SSA. This data set was gridded from vector layers of soil maps that were received from Dr. Darwin Anderson (TE-1), who did the original soil mapping in the field during 1994. The vector layers were gridded into raster files that cover approximately 1 square kilometer over each of the tower sites in the SSA.
Data Set Introduction
This data set contains soil properties and classification information over the BOReal Ecosystem-Atmosphere Study (BOREAS) Southern Study Area (SSA) tower sites. They were gridded to a 10-meter pixel resolution for each of the tower sites. The data were reprojected into the Albers Equal-Area Conic (AEAC) projection from the original maps made by Dr. Darwin Anderson's BOREAS Terrestrial Ecology (TE)-01 science team (University of Saskatchewan).
Objective/Purpose
This data set has been processed to provide raster files that can be used for modeling or for comparison purposes. The purpose of this data set is to provide information about the spatial distribution of soils and their characteristics in proximity to the SSA tower sites.
Summary of Parameters
This data set contains information about the spatial distribution of soil classes around the SSA tower sites along with soil class properties such as parent material, texture, slope class, and water table depth. A detailed list of parameters is given in Section 7. The polygon numbers in the American Standard Code for Information Interchange (ASCII) table  files correspond to pixel values in the binary raster files. The value of each pixel can be linked with the table described in Section 7 in order to extract the soil parameters.
Discussion
This data set was originally produced as a set of vector layers by Dr. Anderson. Aerial photography and field methods were used to identify various soil polygons for the tower sites (Old Black Spruce (OBS), Old Jack Pine (OJP), Young Jack Pine (YJP), Fen, and Old Aspen (OA)).
Theory of Measurements
The original soils mapping was performed by using a combination of field samples of the soil and aerial photographs.
This digital map data set provides investigators with a continuous surface of soil parameters that can be used for modeling purposes at the tower sites in the SSA.
Equipment

Sensor/Instrument
Description In addition to field techniques, aerial photography was used to map the soils at the tower sites. No additional information is available about this photography.
Collection Environment
The original vector files were received in digital line graph (DLG) format from Dr. Anderson.
Source/Platform
Unknown.
Mission Objectives Unknown.
Key Variables
The key variables of this dam set include: 
Frequency
of Calibration Unknown.
Other Calibration
Information Unknown.
Data Acquisition Methods
The accuracy of the following information is not known. The following describes the aerial photos that were known to be available to the person who digitized the soils maps. However, they may not be the photos from which the actual soil polygon mapping was done. OBS site photos were taken on 20- Aug-1971 and are at a scale of 1:78,000. The photo number is A22429. The OA photo number is A27617. They were taken in 1991 and are at a scale of 1:12,500 for the Prince Albert National Park (PANP). The OJP, YJP, and Fen photos were taken 22-Jul-1964. They are at a scale of 1: 12,500. Although this has not been confirmed, they appear to be from Energy, Mines, and Resources in Canada.
Observations
Data Notes
None given.
Field Notes
The following soil descriptions at the tower sites were provided by TE-01 personnel.
SSA-OBS
The BOREAS SSA-OBS site is located northeast of Prince Albert, Saskatchewan, Canada. Specifically, the entrance to the OBS site is approximately 38 km (23.5 miles) north of the SSA Operations
Center, located at the southern end of Candle Lake. This site can also be found by traveling approximately 8 km (5 miles) north of White Gull Lake. Soils north of Prince Albert generally have parent materials that are the result of Pleistocene glaciation (Anderson and Ellis, 1976) . This area is no exception, with parent materials including glaciofluvial, glaciolacustrine, and glacial till deposits. In some areas, aeolian deposits cover the parent materials, Within these parent materials, stoniness ranges from occasional pockets and lenses of gravel toareasthatarerelativelystonefree.The Prince Albert soil survey (Anderson and Ellis, 1976) identified the OBS site as a Flat Bog with Bittern Lake soils. Flat Bog soils in the area have 40 to 100 cm of forest peat over sandy to gravelly materials and stony glacial till.
The soils of the OBS site vary significantly. The soils range from Eluviated Eutric Brunisols to Gleyed Cumulic and Cumic Humic Regosols. The wetter areas have organic soils that are mainly Mesic and Typic Mesisols and Mesic and Typic Fibrisols. Peat in the area ranges from 10 to 160 cm in thickness, with an average thickness of 45 cm. The average total carbon of the site is 24.33%. The average pH at the OBS site is 8.02. Gray Luvisol and Gleyed Gray Luvisol soils occur on low ridges with sandy to gravelly deposits over glacial till. The average bulk density of the soils in the study site is 1.1.
Vegetation
includes mainly black spruce with occasional jack pine, tamarack, and trembling aspen. There are areas with significant amounts of stunted black spruce found mainly on deeper organic soils. In polygon 22, aspen, white spruce, paper birch, and balsam fir are present. This is the only area where these species existed. Polygon 14 is the driest area, illustrated through the dominance of jack pine in the area. Ground cover in the study site includes feather moss, sphagnum moss, labrador tea, lichen, bunchberry, prickly rose, and various other species of mosses. The average electrical conductivity is 235.88 Siemens/cm, which is slightly higher than the dry, sandy jack pine site, but is not indicative of soil salinity.
SSA-OJP
The SSA-OJP site is situated northeast of Prince Albert, approximately 5 km (3.1 miles) west and 2.5 km (1.5 miles) north of the southern junction of Highway 106 and Highway 120. This area is located in the southern part of the Nipawin Provincial Park.
Soils of the Prince Albert area generally have parent material related to Pleistocene glaciation. The most common Pleistocene deposits in the area are glacial, glaciolacustrine, glaciofluvial, or outwash materials. This study site is typical, with most parent materials being glaciofluvial, with occasional lacustrine soils present. The only significant difference occurs in polygon 1, which has numerous aeolian deposits.
This site is dominantly Brunisolic soils, but Regosolic and Gleysolic soils are also present. These soils are developed from coarse textured weakly to noncalcareous glaciofluvial, glaciolacustrine, and aeolian deposits. The most common soil series found are weakly developed Eiuviated Eutric Brunisols but Orthic Eutric Brunisols, Gleyed Orthic Eutric Brunisols, and Orthic Regosols are also present.
Polygon 3 differs in that significantly modified Eluviated Eutric Brunisols are present. In this area, there are coarse textured, sandy glaciolacustrine deposits that have finer textured deposits within the soil profile. These bands are made up of clay and silt of various content. This layering of sediments may be the result of water or perhaps wind deposition. The significance of these bands is that the comparatively small amounts of clay present act as a barrier to water moving downward through the soil. As a result, there are many species of plants growing in the area that would not normally be found in areas with this soil type.
Typical vegetation for this area includes a mature stand of jack pine and alder with an underbrush consisting mainly of reindeer moss, bearberry, and blueberry. The alders tend to be concentrated around small depressions, but are often found in dense concentrations where several clay bands and/or finer textured sand occur. The capacity of a soil to support plant life is greatly influenced by the ratio of carbon to nitrogen in the soil. The average reading for the carbon-to-nitrogen ratio for the OJP site is 14.24. A large amount of vegetation cover typically leads to the development of an LFH layer. This study site is no exception. The strongly acidic nature of pine soils can be illustrated through pH readings of the LFH layer. In this study site, the average pH of the LFH layer is 4.72. The average amount of total carbon in the LFH layer 25.07%, while the average amount of inorganic carbon located in the LFH layer is 0.66. The soils in the area have a much lower average amount of carbon. The total average organic carbon in the A, B, and C horizons is 0.18, while the total average inorganic carbon for the A,,B, and C horizons is 0.08.
The amount of salt in a soil can also severely affect the capacity of the soil to support plant life. A measure of electrical conductivity can illustrate the amounts of salt in a soil and what effect these amounts will have on the ability of the soil to support plant life. The average reading of electrical conductivity for theOJPsiteis 32.63Siemens/cm, indicatingextremelylow saltcontent. It shouldbe notedthata ratioof 1:1wasusedfor mineralsoils,while aratioof 1:5wasusedfor organicsoils.
Otherfactorsthatcaninfluencetheamountofplantlife a soilcansupport aretheamount of nitrogen, phosphorus, andsulfurfoundin thesoil.Thepinesoilsof theOJPsitehaveanaverage nitrogencontent of 639.7mg/kg.Theaverage amounts of phosphorus andsulfurare194. l 3 mg/kg and63.61mg/kg,respectively.
SSA-Fen
The SSA-Fen site is located northeast of Prince Albert approximately 58 km (36 miles) east of Prince Albert on Highway 55 and 38 km (23.6 miles) north on Highway 106. The site is south of where White Gull Creek intersects Highway 106.
Soils north of Prince Albert generally have parent materials resulting from Pleistocene glaciation (Anderson and Ellis, 1976) . The most common Pleistocene deposits in the area are glacial till, glaciolacustrine, lacustrine, and outwash materials. This study site is an exception in that organic soils dominate, although the mineral substrata are a sandy glacial outwash. A published soil map shows the Fen study site, including Flat Bog, with about 0.5 to 1.0 meters of forest peat over sandy materials. This area grades to an area of Patterned Fen (FP) in the central portion, where peat thicknesses are greater. Organic soils form from partially decayed residues of plants that accumulate in wet or poorly drained depressions. This is evident in the accumulation of peat in the area. The depth of peat ranges from 20 to 330 cm, with the average peat thickness being 1.25 meters. The peat is mainly organic materials, which results in the high amounts of carbon found in the fen samples. The average amount of organic carbon found in the samples is 37.23%. Organic soils found in the Fen study site include Terric, Typic, and Fibric Mesisols, Fibrisols, and Humisols.
Although most of the soils in the study area are organic, some mineral soils are present. Organic soil types include Rego-Gleysol, Cumulic Humic Regosol, Eluviated Eutric Brunisol, and Orthic Regosols. These soils are all within the Pine Association.
The landscape of the area ranges from flat to very gently sloping peatland. Moss hummocks form the only localized relief in the study site. The most notable exceptions to this localized relief are in polygons 27 and 28, where approximately 15% of the area is standing water. Another localized anomaly is the abundance of deadfall in polygon 12. An interesting anomaly occurs in polygon 2, where one soil pit has organic material approximately 1 meter thick underlain by clay. Under this clay band is a deep green sand. This unusual soil occurs only in one soil pit.
The vegetation of the area includes tamarack, black spruce, and swamp birch. Ground cover includes such species as labrador tea, sphagnum, sedges, feather moss, reindeer moss, and bearberry. Many factors can affect the ability of a soil to support vegetation, including the amounts of nitrogen, phosphorus, and sulfur and the pH of the soil. The average pH in the Fen study site soil is 5.35. The average contents of nitrogen, phosphorus, and sulfur are 16245.13 mg/kg, 1332.63 mg/kg, and 1430.93 mg/kg, respectively.
The total average carbon available in the soil is 32.44%. The total average organic carbon is 29.42%, while the total average inorganic carbon is 3.02%.
SSA-OA
The SSA-OA site is located northeast of Prince Albert, approximately 20 km ( 12 miles) west and 5 km (3 miles) north of the resort community of Emma Lake on Highway 263 35 km (22 miles) north of Prince Albert on Highway 2, and 21 km (13 miles) east on highway 263. This location puts the site in the southeastern part of the PANP. Soils north of Prince Albert generally have parent materials that are the result of Pleistocene glaciation. The most common Pleistocene deposits in the area are glacial till, glaciolacustrine, glaciofluvial, or outwash materials. The parent materials of the soils in this study area are mainly glacial till with some local areas of glaciolacustrine deposits. Gray Luvisols of the Waitville Association dominate the soils in this area. Terric Mesisols and Typic Fibrisols form a subdominant component of the soils and are located in polygons 5, 8, 16, and 18.
A notable exception occurs in polygon 1. In this area, the soils are generally sandy. The presence of clay bands makes the soil in these areas significantly different from other soils in the study area.
These claybandsactasabarrierpreventing rapiddrainage normallyassociated withthis soil, which resultsin thesurvival of plantspecies in soilsthattypicallydonot support thattypeof plantlife. This situation also occurs in polygon 5. All soils at the OA site have LFH layers range in thickness from 4 to 50 cm. The average depth of the LFH layer is 20 cm. More details on the carbon and nutrient content of the LFH or D layers are available in a research paper by W.Z. Huang and J.J. Schoenau (Can. Journal of Soil Science, 76: 373-385). Bulk density of a soil also affects the capacity of that soil to sustain plant life. Bulk density is the measure of the mass of a unit volume of dry soil. This measure includes both the solids and the pores located in the soil. Thus, soils that are loose and porous have a low bulk density, while soils that are more compact have a high bulk density (Brady, N.C. The Nature and Property of Soils). Soils in the OA study site have an average bulk density of 1.44 for the A, B, and C horizons and 0.13 for the LFH layer.
The landscape of the area ranges from undulating to dissected. Trembling aspen is the dominant tree species in the study area, with occasional white spruce, balsam poplar, and white birch also present. The ground cover includes hazelnut, prickly rose, feather moss, sphagnum moss, lily of the valley, grass, and wild red raspberry. Some sedges and thistle are found in polygon 9. The vegetation of the area can be affected by factors such as electrical conductivity;
pH of both the LFH layer and the remainder of the soil; the carbon-to-nitrogen ratio; the amount of organic and inorganic carbon; and the amounts of nitrogen, phosphorus, and sulfur in the soil. The soils of the OA site have an average of 6771.4 pg/ml of nitrogen, 758.5 lag/ml of phosphorus, and 669.5 pg/ml of sulfur, respectively. The soils of the OA site have an electrical conductivity reading of 332.81 Siemens/cm. It should be noted that these samples were taken using a 1:1 ratio for mineral soils and a 1:5 ratio for organic soils.
SSA-YJP
The SSA-YJP site can be found northeast of Prince Albert, Saskatchewan, Canada. The YJP study area is approximately 2.5 km (1.5 miles) west and 2.5 km (1.5 miles) south of the southern junction of Highway 106 and Highway 120 in the southern section of the Nipawin Provincial Park.
Soils of the Prince Albert area generally have parent materials related to Pleistocene glaciation (Anderson and Ellis, 1976) . The most common Pleistocene deposits in the area are glacial, glaciolacustrine, lacustrine, or outwash materials. This site is typical, with the parent material consisting of gravelly to sandy glaciofluvial and some sandy glaciolacustrine deposits. There are also areas where aeolian deposits are present. The soil in the study site has an average bulk density of 0.75.
The most common soils found are Brunisols, with Regosols also present. The soil also has an LFH layer ranging from 1 to 3 cm in thickness. The average thickness of the LFH layer is 2.2 cm.
Vegetation in the area consists of jack pine (both young and old) and alders. The ground cover consists of grass. The landscape is undulating, with a gentle slope ranging from 3 to 5%. Polygons 2, 3, and 4 are areas of former logging activity and are dominated by piles of wood shavings. Therefore, they are classified as Anthropogenic, and no data were collected in these areas. Another measure of the productivity of a soil is the amount of nitrogen, phosphorus, and sulfur present. The A horizon of the YJP study site has an average of 917.6 mg/kg, 246.6 mg/kg, and 100.7 mg/kg of nitrogen, phosphorus, and sulfur, respectively. The rapidly drained sandy soils contain low concentrations of soluble salts, with average readings for the electrical conductivity of either 1:1 for mineral soils or 1:5 for organic soils (soil, water, w/v). The average reading of electrical conductivity is 76 Siemens/cm. The LFH layer contains, on average, 21.2% organic carbon and has a carbon-to-nitrogen ratio of 13.22, indicating that the ecosystem is limited by the amount of nitrogen. There is low carbon storage in the mineral soil, with mean C content of 0.25% for the A and B horizons.
One final element that can influence the capacity of a soil to sustain plant life is the pH of a soil. The pH of the soil at the YJP site is 5.17. The average carbon-to-nitrogen ratio is 13.22.
Data
Description 7.1 Spatial Characteristics The soil maps in this data set vary in their resolution and coverage. These details are given in the following sections.
Spatial Coverage
The area mapped is projected in the AEAC projection and is bounded by the following points. These coordinates are based on the North American Datum of 1983 (NAD83). 
Spatial Resolution
These data were gridded from their original vector form to a pixel resolution of 10 meters.
Projection
The area mapped is projected in the ellipsoidal version of the AEAC projection. The projection has the following parameters: 
Grid Description
These images are projected is the AEAC projection. The parameters for this projection are described in Section 7.1.4.
Temporal Characteristics
Temporal
Coverage Field samples for mapping the Modeling Sub-Area (MSA) and tower sites were collected in 1994. Aerial photos were used for extending the field samples to map the areas around the towers. The exact scale and dates of the aerial photography are not known. OBS site photos were taken on 20- Aug-1971 and are at a scale of 1:78,000. The photo number is A22429. The OA photo number is A27617. They were taken in 1991 and are at a scale of 1:12,500. They were taken for the PANP. The OJP, YJP, and Fen photos were taken 22-Ju1-1964. They are at a scale of 1: 12,500 and appear to be from Energy, Mines, and Resources in Canada. Information about any aerial photos used for the Fen and YJP sites is unknown.
Coverage Map Not available.
Resolution These data represent an assessment of the soils at the BOREAS SSA tower sites in 1994.
Data Characteristics
This data set is in an image format in which the value of a pixel represents the polygon number from the original vector data. This number can be related to a set of records in the ASCII soils 
8.2.2
Compressed CD-ROM Files On the BOREAS CD-ROMs, files 1 and 7-11 listed above are stored as ASCII text files; however, files 2-6 have been compressed with the Gzip compression program (file name *.gz). These data have been compressed using gzip version 1.2.4 and the high compression (-9) option (Copyright (C) 1992-1993 Jean-loup Gailly). Gzip (GNU zip) uses the Lempel-Ziv algorithm (Welch, 1994) used in the zip and PKZIP programs. The compressed files may be uncompressed using gzip (-d option) or gunzip. Gzip is available from many Web sites (for example, ftp site prep.ai.mit.edu/pub/gnu/gzip-*.*) for a variety of operating systems in both executable and source code form. Versions of the decompression software for various systems are included on the CD-ROMs.
Software
Access
The status of PAMAP is unknown. It is believed to be proprietary software. Gzip is available from many Web sites across the Internet (for example, ftp site prep.ai.mit.edu/pub/gnu/gzip-*.*) for a variety of operating systems in both executable and source code form. Versions of the decompression software for various systems are included on the CD-ROMs.
Data Access
The TE-01 soils data over the SSA tower sites in raster format are available from the Earth Observing System Data and Information System (EOSDIS) Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center (DAAC). 
Contact
Procedures
for Obtaining Data Users may obtain data directly through the ORNL DAAC online search and order system [http://www-eosdis.ornl.gov/] and the anonymous FI'P site [ftp://www-eosdis.ornl.gov/data/] or by contacting User Services by electronic mail, telephone, fax, letter, or personal visit using the contact information in Section 15.1.
Data Center Status/Plans
The ORNL DAAC is the primary source for BOREAS field measurement, image, GIS, and hardcopy data products. The BOREAS CD-ROM and data referenced or listed in inventories on the CD-ROM are available from the ORNL DAAC.
Output
Products and Availability
Tape Products
These data can be available on 1600 or 6250 Bytes Per Inch (BPI) 8 mm, Digital Archive Tape (DAT), or 9-track tapes.
None. 
Glossary of Terms
